The specificity of antidiuretic actions of pepsanurin, a peptidic fraction obtained by pepsin hydrolysis of plasma, was studied in anesthetized rats and in isolated perfused rat kidneys. Pepsanurin was obtained from fresh dialyzed human plasma digested with pepsin (2,400 units/ml, 18 hours at 37°C, pH 2.5), deproteinized (10 minutes at 80°C), and centrifuged. In the rat, intraperitoneal injections of pepsanurin (0.5 ml/100 g body wt) significantly inhibited the effects of an intravenous bolus of atrial natriuretic peptide (ANP) (0.5 fig) on water, sodium, and potassium excretion without altering systemic blood pressure. In addition, pepsanurin abolished the peak in glomerular filtration rate and reduced the ANP-induced rise in fractional sodium excretion. Pepsanurin also inhibited the natriuretic effects of amiloride (10 /tg/100 g body wt i.v.) without changing glomerular filtration rate, but it did not inhibit the potassiumretaining effect of amiloride. In contrast, pepsanurin had no effect on basal urinary excretion, and it did not affect the diuretic response induced by furosemide (doses of 25,50, or 100 /tg i.v.). Control peptidic hydrolysates prepared from human plasma preincubated 48 hours at 37°C (PIPH), bovine albumin (BSAH), or human albumin did not inhibit ANP, amiloride, or furosemide. In perfused kidneys, pepsanurin significantly and reversibly reduced sodium and water excretion. Furthermore, pepsanurin, but not PIPH or BSAH, blocked the natriuretic and diuretic effects of ANP. These results support the existence of a specific plasma substrate able to release a peptide or peptides that counteract distal tubule diuresis and natriuresis by an intrarenal mechanism. 
S everal plasma-borne hormones can be generated by pepsin hydrolysis of plasma substrates. 1 Acidic digestion of plasma or its globulin fraction with pepsin releases a peptidic fraction named pepsanurin because it produced a strong antidiuretic activity when injected intraperitoneally into hyperhydrated rats. 2 More recently, this peptidic fraction was shown to inhibit the natriuretic response to a bolus dose of atrial natriuretic peptide (ANP) in anesthetized rats. 3 In contrast, neither vasopressin 3 nor aldosterone 4 was able to counteract ANP effects in the same experimental model.
The identification of pepsanurin has not been completed, and little is known about the site and mechanisms of its antidiuretic effect. For this reason, we studied the effects of pepsanurin on glomenilar filtration rate (GFR) and sodium reabsorption in anesthetized rats, and we assessed the ability of pepsanurin to block diuretic agents other than ANP, such as furosemide and amiloride. Also, to ascertain the specificity of pepsanurin generation, we compared its antidiuretic effects with those of pepsin hydrolysates obtained from either human plasma submitted to prolonged incubation or purified serum albumin. Finally, to test the possibility that pepsanurin actions were intrarenal, we studied its effects on both baseline and ANP-stimulated sodium and water excretion in isolated perfused rat kidneys.
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Generation of Pepsanurin
Fresh human plasma, obtained from normal volunteers less than 3 hours before, was dialyzed overnight against distilled water (4°C, 12-14 kDa cutoff membrane). The plasma was then acidified to pH 2.5 with HO and digested with pepsin (2,400 units/ml) for 18 hours at 37°C. The hydrolysis was stopped by a 10-minute incubation in a boiling bath and was centrifuged (10,000 rpm, 10 minutes). This step also served to deproteinize the solution and to inactivate the pepsin. The clear supernatant containing 50-65 mg/ml total protein was aliquoted and stored at -20°C (crude pepsanurin). Throughout this procedure, bacterial growth was prevented by addition to the incubate of an antibiotic mixture (50 units penicillin plus 50 ng streptomycin per 100 ml solution).
The specificity of pepsanurin generation was studied using human plasma preincubated before pepsin digestion to allow for endogenous depletion of the presumptive pepsanurin substrate. In these experiments, the fresh plasma samples were dialyzed and divided into two parts: the first half was immediately submitted to the procedure to generate pepsanurin, and the second was kept at 37°C for 48 hours under sterile conditions. The preincubated plasma was then acidified, digested, and centrifuged as described and Results are pooled from five pairs of samples of pepsanurin and hydrolysate of preincubated human plasma (PIPH). Plasma units were divided in halves and digested by pepsin, either before (pepsanurin) or after (PIPH) prolonged incubation at 37"C. Each sample was tested in two to three rats. A pepsin hydrolysate of bovine serum albumin (BSAH) was also tested in eight rats. ANP, atrial natriuretic peptide.
'Values expressed per 100 g body weight.
fValues from periods immediately before and after the ANP boluses (0. is referred to as PIPH. Two additional control preparations were used to test the specificity of pepsanurin effects. These consisted of a solution of 6.5% bovine serum albumin treated as described for the generation of pepsanurin, referred to as BSAH, and a similar hydrolysate prepared from a sample of human albumin, referred to as HSAH.
Experimental Protocols
Anesthetized rats. We used the bioassay described by De Bold et al 5 with slight modifications. 34 Fasted female rats (250-300 g) were anesthetized with sodium pentobarbital (40 mg/kg i.p.) and heparinized. Polyethylene catheters were placed in the trachea, left jugular and femoral veins, and right carotid and femoral arteries. A continuous infusion of 5% dextrose was started (20 p.l/min, jugular), and the urinary bladder was cannulated with a Silastic catheter via the urethra. After a 20-30-minute equilibration period, urine was collected during 10 periods of 20 minutes each. Mean arterial pressure (carotid) was monitored constantly.
Inhibition of ANP effect was assessed by comparing the responses to identical doses of the hormone given before and after administration of pepsanurin. Each rat served as its own control. Two intravenous boluses of ANP (0.5 ^g in 50 u\ isotonic dextrose, femoral) were given at the start of the fourth and ninth periods. Pepsanurin was thawed, neutralized with NaOH to pH 6.5-7.5, and injected (0.5 ml/100 g body wt) in the peritoneal cavity at the beginning of the seventh period, that is, 40 minutes before the second ANP bolus. In the control experiments, pepsanurin was replaced by an equal volume of neutralized PIPH or BSAH. Inhibition of furosemide effect was studied in a similar protocol, but doses of 25, 50, or 100 fig furosemide were given in periods 4 and 9 instead of ANP. HSAH was used as the peptidic control in this series of experiments.
FIGURE 2. Comparative inhibitory effects of pepsanurin (PU) on atrial natriuretic factor (ANP) and furosemide (FUR). Injection of the same PU extract (0.5 ml/100 g body wt i.p.) resulted in a marked inhibition of the diuresis induced by
Amiloride was given as a single intravenous injection (10 yn.g/100 g body wt), because this diuretic agent produced a delayed and prolonged response. In parallel experiments, pepsanurin, PIPH, or BSAH (0.5 ml/100 g i.p.) were given 40 minutes after or 40 minutes before amiloride.
An additional experimental series was performed to test the effects of pepsanurin on basal urinary function. In this case, the rats received only one Cr-EDTA was given intravenously, followed by a constant infusion of 1,000 cpm/min in the 5% dextrose solution. Thirty minutes was allowed for tracer equilibration before the first collection period was started. Arterial blood samples (0.6 ml) were taken at the end of the second, sixth, and 10th periods. After each sample, an equal volume of blood from a donor rat was given to keep volemia and arterial pressure constant.
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Cr-EDTA and sodium were determined in plasma and urine samples to calculate GFR and fractional sodium excretion.
Isolated kidneys. Male rats (250-280 g) were used. After the rat was anesthetized with pentobarbital, the right kidney was isolated and perfused at a fixed flow (35-40 ml/min) in a 50-ml closed circuit as previously described. 6 -7 Urine was collected every 15 minutes, and perfusion pressure was monitored. The first experimental protocol was designed to test the effect of pepsanurin on baseline renal function. After two basal periods, 1 ml pepsanurin was added to the perfusing fluid, and urine was collected during three successive periods. Then, pepsanurin was washed out of the perfusion system by replacing the medium, and urine was collected again for two periods. The second protocol tested the inhibition of ANP action by pepsanurin. After two baseline collection periods, 0.5 fig ANP was added to the perfusing medium. Two collection periods later, 1 ml pepsanurin was added, still in the presence of ANP, and urine was collected for two more periods. In separate experiments, BSAH or PIPH was used instead of pepsanurin.
Analysis. Urinary volume was determined gravimetricalry. Urinary sodium and potassium levels were measured by flame spectrophotometry (Eppendorff, FRG).
Cr-EDTA was measured in a gamma counter (Pharmacia LKB Biotechnology, Uppsala, Sweden). Statistical significance of differences was estimated by a one-way analysis of variance followed by NewmanKeuls test when comparing several groups or time course of responses. In addition, the Student's paired t test was used to compare a priori specified responses in the same animal or preparation.
Results

Effects of Pepsanurin on Baseline Excretion
Unstimulated urinary excretion was very stable during the course of the experiment. In addition, the intraperitoneal injection of pepsanurin did not modify any of the urinary or vascular parameters under study (Table 1) .
Effects of Pepsanurin on Atrial Natriuretic Peptide
Pepsanurin significantly blunted the diuretic, natriuretic, and kaliuretic effects of the second dose of ANP, whereas injections of PIPH prepared from the same plasma samples or of BSAH had no demonstrable effect ( Table 2 ). The antidiuretic effects of pepsanurin were associated with abolishment of the GFR peak normally observed after ANP administration but also with a significant reduction in the fractional sodium excretion peak induced by ANP (Figure 1 ). These pepsanurin-induced changes cannot be attributed to variations in pressure, because mean arterial pressure did not change significantly during these collection periods (Table 2, Figure 1 ).
Effects of Pepsanurin on Furosemide
In contrast to the effect on ANP, pepsanurin was unable to inhibit the diuretic response to different doses of furosemide (Table 3 ). In fact, the response to the second furosemide bolus tended to be higher than the first, regardless of whether the rats had received pepsanurin or HSAH (Table 3) . Clear-cut results were obtained in a series in which the same pepsanurin sample, known to inhibit 0.5 fig ANP, was unable to counteract an equipotent dose of 50 ng furosemide (Figure 2) .
Effects of Pepsanurin on Amiloride
Injection of amiloride (10 /xg/100 g) produced a delayed and prolonged rise in urinary sodium and fractional sodium excretion, accompanied by a rather moderate increase in diuresis, a drastic but transient reduction in urinary potassium, and no changes in GFR (Figure 3 ). The injection of pepsanurin at the time of peak response, 40 minutes after amiloride, produced a mild reduction in mean arterial pressure and a significant reduction in sodium excretion toward baseline (Figure 3) . In contrast, PIPH-treated rats responded similarly to control, even when they had the lowest mean arterial pressure level ( Figure  3) . Pepsanurin counteracted the natriuretic effect but did not antagonize the potassium retention effect of amiloride. In control rats, urinary potassium returned rapidly to baseline, showing an overshoot, whereas it remained depressed in pepsanurin-and PIPH-treated rats, suggesting that this effect could be related to the presence of peptides in the peritoneal cavity.
A more marked inhibition of the response to amiloride was observed when pepsanurin was given before this diuretic agent (Figure 4 ). In contrast, BSAH injections produced small and transient diuresis, followed by a slightly reduced response to amiloride (Figure 4) . Again, neither pepsanurin nor BSAH counteracted the antikaliuretic response to amiloride but rather prolonged it.
Effects on Isolated Kidneys
Addition of pepsanurin (1 ml/50 ml) to the perfusion medium produced a significant reduction in urinary volume and urinary potassium and sodium levels, without concomitant changes in perfusion pressure (Table 4) . Furthermore, the effects on urinary sodium and urinary volume were reversed after pepsanurin was washed out with fresh medium (Table 4). However, the pepsanurin inhibitory effect was more marked on the natriuresis and diuresis elicited by ANP (Table 4) . These effects were observed in the absence of a significant fall in perfusion pressure. In comparison, the addition of unspecific peptidic material to the perfusing fluid had no effect, except for a significant increase in perfusion pressure observed after PIPH (Table 4) .
Discussion
The present results confirm the striking inhibitory action of pepsanurin on renal responses to ANP. Furthermore, for the first time, this effect was seen both in intact rats and in isolated perfused kidneys. This inhibition cannot be accounted for by the unspecific effect of the bulk of peptides, other than pepsanurin, present in the peritoneal cavity, because neither outdated or preincubated plasma nor bovine or human seroalbumin hydrolysates similarly treated with pepsin were able to release this putative antinatriuretic factor or factors.
Pepsanurin inhibited the glomerular and tubular actions of ANP, 8 -9 abolishing the ANP-induced rise in GFR and decreasing ANP-induced elevation in fractional sodium excretion. These results suggest that pepsanurin could act as an anti-ANP agent. Until now, no specific anti-ANP substances have been reported. 1011 Enalapril can inhibit ANP in normal human subjects, 12 but this effect was apparently mediated by the hypotensive effect of this substance. In contrast, we found that the inhibitory action of pepsanurin on ANP occurred while blood pressure remained constant. In the isolated kidney, inhibition of ANP by pepsanurin was also observed in the absence of major hemodynamic changes. As described, 13 ANP increased perfusion pressure in vasodilated preparations, but the subsequent inhibition of ANP by pepsanurin was not associated with a decrease in this parameter. We cannot preclude, however, that the inhibition of ANP by pepsanurin could be mediated by subtle changes in intrarenal hemodynamics and peritubular forces, which have been recognized as important determinants for the action of this hormone. 10 -11 In this regard, the different results obtained with pepsanurin on the diuretic actions of furosemide and amiloride suggest that pepsanurin could act on sodium-transporting mechanisms at the distal tubule.
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Moreover, the finding that pepsanurin did not inhibit the potassium retention effect of amiloride would support the concept of an enhanced neutral sodium reabsorption, perhaps in association with chloride or in exchange by hydrogen ions. 1416 On the other hand, there is a possibility that the blunted response to amiloride could have been mediated, at least partially, by the decrease in mean arterial pressure observed after the injection of that particular pepsanurin sample. This contention is not supported, however, by the finding that there were no differences in blood pressure between rats treated with pepsanurin and control hydrolysates during the period of response to amiloride.
A better characterization of the mechanisms of the pepsanurin inhibitory action on ANP and amiloride requires further purification of pepsanurin, which is still underway. One of the problems in pepsanurin purification is the rather burdensome bioassay needed to test its inhibitory effect on renal function. Nevertheless, at the present stage, we know that pepsanurin can be partially purified by ultrafiltration and ion-exchange chromatography. Also, pepsanurin does not dialyze across small-pore membranes (3-5 kDa cutoff) and presents a moderate affinity for cationic columns at low pH (unpublished results).
Although pepsanurin has been obtained in artificial conditions, we cannot preclude the possibility that it may play a physiological role. We demonstrated that pepsanurin activity is eliminated by plasma incubation at 37°C before pepsin hydrolysis. We extended this observation by showing that pepsanurin formation is progressively reduced with increasing preincubation times between 2 and 48 hours, 17 a finding consistent with the idea that an endogenous plasma substrate is being depleted. Furthermore, plasma obtained from patients with severe, decompensated congestive cardiac failure yields higher pepsanurin activity than plasma obtained from patients with mild cardiac failure or normal volunteers. 18 This observation is interesting, because congestive cardiac failure has been related to volume expansion, sodium retention, and refractoriness to ANP. 19 Moreover, it is well known that under peptic hydrolysis from plasma precursors, active hemodynamic factors such as angiotensin I, bradykinin, bradykinin-like substances, metenkephalin-related peptides, and neurotensin-like peptides have been identified. 1 Particularly relevant is the case of neurotensin, which has antidiuretic properties, 20 although it apparently does not exert its action directly on the kidney. 21 In this context, it has been proposed that one or a combination of neurointestinal peptides may be part of a signaling mechanism influencing renal excretory rate, 21 * 22 and it seems pertinent to explore to what extent pepsanurin and its plasma precursor could be involved in this process.
